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1.0 INTRODUCTION

paraho Development Corporation (Paraho) plans to construct and

operate the paraho-Ute Shale Oil Facility. The proposed facility

will be located in northeastern Utah, approximately 50 miles from

Verna1 (se: Figure t-I).. The tract consists of a 582-acre Utah

State Oil Shale Lease, located in Section 32, Township 9 South'-

Range 25 East, SLBIul; and an adjoining 834 acres owned by Skyline

Oil Company and under.lease to Sohio Shale Oil Companyr' Iocated

in Sections 5t 6, and 7, Township 10 South, Range 25 East' SLBI{'

paraho was assigned State lvlineral Lease No. 35894 on February 23,

LgTg for oil shale extraction on the 582-acre site. Sohio Shale

Oil Company will make the 834-acre property available to Paraho

for commercial development. A topographic map of the project site

is provided in Figure L-2.

This document presents the plans for the wastewater treatment sys-

tem associated with the project. The project will be a zero

wastewater discharge facility, with all treated wastewater from the

facility reused for such purposes as cooling tower makeup, processed

shale disposal area wetting, dust control and firewater. AIl

contaminated runoff from the plant process area (see Figure L-2)

will be collected in storm sewers and treated along with process

wastewater. The contaminated runoff collection system and

associated wastewater retention pond are designed to contain the

runoff from a 100-year, 24-hour precipitation event. A11 contami-

nated runoff from the edges of.the retorted shale disposal pile
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will be collected in retention ponds designed to contain the

100-year, 24-hour storm runoff. Uncontaminated runoff will be

diverted away froln,the retorted shale disposal areas, and will be

directed into natural drainages leading to the White River.

The purpose of this application is to obtain a permit to:
a) authorize emergency discharge from wastewater retention

ponds in case of a storm exceeding the lOO-year, 24-iour

event (2.4 inches per NOAA Atlas 2, Volume VI (Utah), 1973)

b) authorize the discharge of uncontaminated precipitation

runoff waters that are diverted away from the retorted
shale disposal area.

Figure L-2 provides the locations of: the three retention pond

emergency outfalls and the precipitation runoff diversion outfall.
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2.oGENERALDESCRIPTIoNoFTHEPRoPoSEDAcTIoN

2.L Project Location

The project

The terrace

and sloPes

mately 58.

the canyon walls.

run into the river

lar to the river at

high, steeP canyon

45o. Elevations of

site lies on a river-cut terrace above the White River'

is-dissected by moderately to extremely steep canyons

gently toward the southwest at a gradient of approxi-

The canyon of the White River is the southern site

boundary and is deeply incised, with nearly vertical wafls up to

500 feet high. Rock outcroPs exhibit bench and slope features on

The drainage channels that dissect the terrace

from the project.area and are nearly perpendicu-

their confluences. These confluences exhibit

walls, with side slopes at 30o to greater than

the land surface range from approximately 5'000

to 51700 feet above sea level.

2.2 Project DescriPtion

The paraho-ute shale oit Facility will consist of an underground

mine, three above-ground retorts, facilities for retorted shale

disposal, rar^l shale fines storage, oil upgrading, power generation,

product oil storage and transmission, and associated support

facilities. At full operation, the facility will produce approxi-

mately 42,5A0 barrels per stream day (BPSD) of upgraded (hydro-

treated) :tt. 
The mine is designed to produce 73,875 tons per

stream day (TPSD) of oil shale. The mine will be an underground'
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room-and-pillar, top heading and bench system. Crushing and

screening units are designed to provide 65,490 TPSD of oil shale to

the retolt=. Raw shale fines (-3/8", are expected to be generated

during crushing and screening at a rate of 7,385 TPSD. These will

be stored on-site for possible future processing.

Water requirements for the facility are estimated to be 2,L56

gallons per minute. A summary water balance showing the sources

and use.s of this water is presented in Table 2-L. Paraho has

letters of intent to purchase water from the State of Utah. An

alternative i-s to obtain water from. the Green River, via the

Bonanza Power Plant

2.3 Facility Layout

A plot plan of tbe overall facility is shown in Figure 2-L. The

plant process area, located in Section 32, is shown in detail in

Figure 2-2. This area includes the retorts, hydrotreaters, mine

surface facilities, oil storage tanks, wastewater treatment area,

and associated facilities.

2.4 Project Schedule

Project construction will begin early in I983 following receipt of

environmental permits for the commercial facility. The construc-

tion schedule is provided in Figure 2-3.
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TABLE 2.1

PARAHO-UTE FACILITY SUMMARY I{ATER BALAI{CE

QUANTI TY

t,,ATER USES

Coollng Tower Evaporatlon

Processed Shal e Di sposal

Underground Mi ne

Belts and Dust Control

Retenti on Pond Evaporation

l'laste l'later Treatment Pl ant Evaporati on

Process Users

Mi scell aneous Evaporati ve Steam Losses

Sul fur Recovery

WATER SOURCES

Raw I'later Suppl y

Process Area Runoff

Gas Cl ean-up

Retort Product l.|ater

GPI.I

863

725

205

t92

4

7

128

t2

20

AC-FT/YR

I ,389

I,157

3sd

309

6

'' ll
206

19

32

TotaI Consumptive Use 2,156 3,469

I,713

57

2L8

158

Tota I 2 ,156

2,756

92

35r

270

3 ,469

7
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FIGURE 2.3

PARAHO DEVELOPMENT CORPOFATION

BASE SCHEDULE

f

AUTHORIZATION

PERMITS

SITE EVALUATION

1981 1 982 1 983 1 984 1 985 1 986
.1987 1 988 1 989

SITE PREPARATION

--
MINING 1l vQ'.BEEIIT I

v (3)
r4IrrrE ED>FJ

UTILITIES

AUXILIARIES

-
MATER}ALS HANDLING

RETORTS 13 MBD\
E EEITEIE!

26 MBD- I, 3
IEEIET
t MBDy -)r

OIL UPGRADING
ET!IE rLrE E 4-I.r -;!>

POWER GENERATION F>
ENGINEERING & PROCUREMENT

CONSTRUCTION

rrr-rr- PRODUCTION
(1] -FOR RETORT # 1

CN FOR RETORT #2
(3] FOR RETORT #3



:

t
t
t
t
t
t
l
t-

L,-

fi
*

fi

+
F

r
E

3. O HYDROLOGICAL RESOURCES

3.1 Surface Water

The only surface water body near the Paraho-Ute facility the

white River, which forms the southern boundary of section 7 of the

project site. The White River originates in a mountainous area of

western Colorado and flows westward into Utah to its confluenCe

with the Green River, approximately 35 miles west of the project

site. The annual average flow of the White River is 695 cubic feet

per second. (cfs). The peak flows (2r500 to 4,000 cfs) usually

occur from mid-May through mid-July and are usually generated by

either rapid snowmelt in the upper watershed or intense convective

storms. During most of the year, there is a sustained flow of

about 200 to 500 cfs.

s

7

Surface waters occurring on the Paraho

resulting from precipitation events'

drainage areas potentially affected by

site are limited to runoff

Figure 3-1 delineates the

shows approximate areal extent of each

site develoPment. Table 3-1

of the drainage areas-

3.2 Runoff Diversion

The retorted shale disposal pile in section 6 would prevent the

runoff of precipitation through its normal channel; therefore' a

drainage diversion has been designed to allow the uncontaminated

runoff to flow to the white River in an adjacent drainage- The

approximate location of the diversion cut in the northwest corner

11
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TABLE 3-I

SIZES OF DRAINAGE AREAS

Drainage

A

B

c

D

E

F

G

H

I

Acres

1,650

300

180

470

130

40

80

50

160

I3



-t

!

I

!

t

t

t

i
I

I

!

t

I

I-

-I
I

J

of Section 6 is shown in
approximately Ir500 foot
at the base and 1.30 feet
wall slope of 45o.

Figure 2-L. The diversion cut will be an

long open-cut channel, about 20 feet wide

deep at the maxinnrm section, with a

The diversion cut.has been designed to al1ow the discharge of the
100-year , 2|-hour storm of 2.4 inches. Under these conditions, the
maximum volume of runoff water from drainage area A (see Figure
3-1), upstream from the diversion cut, is estimated to be Lo2

acre-feet. The peak discharge, assuming a Soit Conservation Service
Type II rainfall distribution, is estimated to be 765 cubic feet
per second
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4.0 WASTEWATER SOURCES AND CHARACTERISTICS

A block flow diagram for all steam and water systems associated

with the proposed project is provided in.Figure 4-I. The flow

rates are based on maximum facility operation (i.e. 42,500 BPSD of

upgraded oil). Water systems include water supply and treatment'

wastewater collection and treatment and cooling water supply. 
. 
This

section discusses the sources of wastewater. tr{astewater collection

and treatment is discussed in Section 5.0.

Three types of wastewater streams will be associated with the pro-

posed commercial facility: (f) organic wastewaters from process

facilities; (2) inorganic wastewaters from water treatment units

and boiler and cooling tower blowdown, and (3) sanitary wastewaters.

4.1 Organic Wastewaters

Organic wastewaters are generated primarily during oil recovery and

upgrading (hydrotreating) and product gas cleanup. Oi1 recoverfz

wastewaters will be produced in the retort and recovered following

oil,/water separation in day storage tanks at a rate of 3L2 gallons

per minute (gpm). Washwater from the hydrotreater will be produced

at a rate of 405 gpm. Product gas cleanup wastewaters will be pro-

duced in the ammonia removal units and will include ammoni'a water

and condensed water from ammonia scrubbers.

Wastewatei characterization studies have been conducted on water

co-produced with crude product oil from the Paraho retort at the

15
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Anvil Points test.facility near Rifle, Colorado. The wastewater

sampled was stored.in tankage with shale oil over a period of years,

and as a result' rePresents a composite wastewater rather than water

actually produced at the time of sampling. Tab1e 4-1 provides the

range of values from these tests for various wastewater parameters.

Further info::mation is available in Paraho Environmental Data (U.S.

Department of Energy, Report No. DOE/EV-0085, Washington, D.C.,

June 1980) . These data are presented as a means of indicatirrg'th"
potential characteristics of the oil recovery wastewater. Charac-

teristics of other wastewater streams entering sour water treatment,

such as ammonia water and washwater from the hydrotreater, are not

currently available. Expected characteristics of the effluent from

sour water treatment are provided in Table 4-2. This effluent will
serve as one of several influents to wastewater treatment.

Other sources of organic wastewaters will include retort service

wastewater (90 gpm), runoff collected in storm sewers from process

areas (57 gpm) , and blowdown from the Stretford unit (normally ze.ro

gpm). These wastewaters do not contain ammonia and hydrogen sul-
fide and thus will not be treated in sour water treatment, but will
be sent directly to wastewater treatment.

4.2 Inorganic Wastewaters

Inorganic wastewaters which will be generated and treated include
boiler blowdown (40 gpm), water treatment filter backwash (I03 gpm).

boiler cleaning wastes (normally 0 gpm), boiler feedwater
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rABLE 4-I

ESTIMATED PRODUCT }IATER* CHARACTERISTICS

Pa rameter

Biochemical Oxygen- Demand

Chemical 0xygen Demand

0i I and Grease

Total Suspended Solids

Product llater is water
ing.

Concentratl on (mq/l )

5 ,000

l7 ,00 0

30

10

12,000

132,000

90 L

700

* co-produced with shal e oi I during retort

TABLE 4.2

ANTICIPATED CHARACTER

SOUR l.|ATER TREATI'IENT

(INFLUENT T0 I,|ASTEtfATER

ISTICS OF

EFFLUENT

TREATME N T }

Parameter

Fl ow

Chemi cal 0xygen Demand

Biochemical Oxygen Demand

To taI Sus pended Sol i ds

Tempe rat u re

624 gpm

17 ,736 mg/1

8,868 ngll
< 50 m9/1

1000F

8-9pH

18
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pretreatment backr^tash (61 gPm),

and water treatment lime sludge

cooling tower blowdown

(18 spm).

(2L9 9pm) ,

4.3 Sanitary Wastewaters

Sanitary wastehlaters will be

(68 gpm) and in the mine (31

generated at several surface facilities

gpm) - '
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5. O WASTEWATER TREATMENT

The wastervater treatment system consists of essentially three

treatment schemes, each designed to treat one of the three types of
wastewaters discussed in Section 4.0. A block.flow diagram of the

wastewater treatment system is depicted in Figure 5-1, The major

influent to wastewater treatment is stripped water from sour water

treatment, as described in Section 5.1.

5.I Sour lalater Treatment

Retort water separated from pioduct oil in storage tanks, washwater

from the hydrotreater, condensed water from ammonia removal, and.

ammonia water from the ammonia removal unit are the waste streams

treated in the sour water plant. The sour water treatment scheme

is depicted in Figure 5'2. This treatment scheme is commonly used

in the refining industry.

Retort water from storage tanks is produced at a rate of 3L2 gpm.

This water is treated in a gravity oil/water separator and

dissolved air flotation unit for oil and grease removal, followed

by a CaCO, softener (optional). This stream will then be mixed.

with other sour water streams. Design criteria for retort water

pretreatment are provided in Table 5-1.

The major feed to the sour water treatment unit is ammonia-rich

water (Ir150 gpm) from ammonia,removal. This stream is degassed
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TABLE 5-1

DESIGN CRITERIA FOR RETORT WATER PRETREATMENT

API Separators

FIow: 312 gpm design avg.
- Two parallel tanks

width: 10 ft.
Length: 35 ft.
Depth: 6 ft.
Vo1ume: 31,500 ga1s.

Dissolved Air Flotation
. Flow: 3L2 gpm design avg.

Flocculation: 15' x 8' x 6'
Flotation: I5r x 30' x 6'
Pressurization Tank: 6r diam., 4 ft. height

Carbonate Softening

Optional (information not available)

23
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and put through a preconcentrator tower. The preconcentrator

tower produces a stripped water stream and an overhead water stream

conta.ining hydrogen sulfide and ammonia. The overhead stream is

combined with condensed water from the ammonia removal unit (250

gprn), hydrotreater washwater (405 gpm) and the treated retort water

from storage tanks (312 gpm) and sent to the hydrogen sulfide

stripper. Hydrogen sulfide and. carbon dioxide are removed overhead

and sent to a Stretford unit for sulfur recovery. Approximately

2,L25 lbs/hr of HrS are recovered. The bottoms from the hydrogen

sulfide stripper contain ammonia. The ammonia is removed in an

ammonia stripping column. The ammonia stream is purified in two

scrubbing columns to remove water and hydrogen sulfide, then

compressed and condensed to a salable anhydrous ammonia product at

a rate of approximatelY 2LO T/D.

The resultant stripped water from the preconcentrator and ammonia

stripper will have a combined flow rate of 21098 9Pm, and an

ammonia concentration of less than 30 m9/1. This water will be

split into three streams. Most of the stripped water (I'125 gpm)

will be recycled to the ammonia removal unit. Some stripped water

(355 gpm) will be recycled to the hydrotreater. The remainder

(6IB gpm) will be combined with condensed. water from miscellaneous

steam users (38 gpm) (see Figure 4-1) and sent to wastewater treat-

ment, ds described in Section 5.2.
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5.2 Organic Waster^rater Treatment

Organic wastewaters include stripped. water from sour water treat-
ment (618 gpm), condensate from steam users (38 gprn), retort service

wastewater (90 gpm), process area runoff (57 gprn), and stretford
unit blowdown (normally zero gpn). These will be combined in a

1.1 million gallon equalization basin. Four 15-hp mixers will.
be included to provide a homogeneous wastewater prior'to treatment.

A floating oiI skimmer will be included to remove any oi1 which may

be present.

The equalized wastewater flows by gravity through a distribution
box where it is mixed with recycle from the biological treatment

units and split into eight streams. The wastewater the.n flows to
one of eight oxygenators, where oxygen (generated in a cryogenic

oxygen plant) is added at a rate of 33 TpD and subsequently pro-
cessed in the biological treatment system, which consists of
fluidized bed reactors.

Effluent exiting the biological treatment system will be stored in
a retention pond (see Figure 4-1). hrater stored in this pond will
be used for processed shale disposal conveyor cooling and lubrica-
tion and for spray wetting during storage and disposal of raw shale

fines and retorted shale. The anticipated characteristics of
the water quality of this pond are provided in Table S-2.

Biomass exiting the biological .treatment system will be separated

from the fluidized bed reactor growth media (sand) in eight
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TABLE 5-2

ANTICIPATED WATER QUALITY CHARACTERISTICS

OF

WASTEWATER RETENTION POND

Parameter

Biochemical Oxygen Demand (5 d.Y)

Chemical Oxygen Demand

Total Suspended Solids

Ammonia

pH

63 mg/L

1,000 mg/L

95 mg/I

44 ms/L

6.5-8

26



sandr/biomass separators. The growth media is returned to the

reactors and the resultant sludge (220 gpn) will be thickened in
gravity thickeners. Supernatant (110 gpm) from the thickeners will

be returned to the equalization basin while the underflow (110 qpm)

will be stabilized in two 0.7,5 million gallon aerobic digester

basins. .Oxygen..from the.cryogenic oxygen plant will be supplied.

to these basins at a rate of L2 TPD. The resultant stabilized L

sludge, Bt 1.33 solids, wi! be combined with sanitary sludge and

water.treatment lime sludge, and applied to the retorted shale for
spray wetting.

5.3 Tnorganic Wastewater Treatment

Inorganic wastewaters include boiler feedwater treatment backwash

(61 gpm), cooling tower blowdown (2L9 gpm), and boiler cleaning

wastes (normally 0 gpm). These wastewaters will be stored in the

retention pond for use in shale wetting of the processed shale

disposal pi1e.

Water treatment lime sludge (18 gpm) will be combined with treated

sludges from sanitary wastewater treatment and organic wastewater

treatment and applied to the retorted shale disposal pile for spray

wetting.

water treatment filter backwash (103 gpm) and boiler blowdown

(40 gpm) will be combined with treated sanitary wastewater (68

gpm), clarified, filtered, and rqused as cooling tower makeup at
a rate of 210 gpm.



5.4 Sanitary Wastewater Treatment

Two sanitary wastewater treatment units are incorporated into the

project design. One will be designed to handle all of the mine

(surface and underground) requirements, while the other will be

sized for all ottrer surface facility sanitary wastewaters. Each

will be a package sehrage treatment plant.
L

The treatment plant for the mine will be an extended aeration sys-

tem capable of treating an average daily flow of 45,000 gallons

(31 gpm) with an anticipated BOD' of L26 mg/L. A detention time

of l6L hours will be provided based on design flow. A comminutor

and by-pass bar screen will be provided prior to the aeration

compartment, while settling tanks and chlorine disinfection will

follow biotreatment. The effluent will be sent to the retention

pond discussed in Section 5.2 and subsequently used for retorted

shale spraying, firewater and conveyor belt cooling.

A11 sanitary wastewater from the remainder of the project surface

facilities will be treated in a package wastewater treatment

system designed to treat an average daily flow of 68 gpm. The

system will consist of a comminutor, aeration compartment, settling

tank, sludge return system, skimmer, air supply system, aerobic

digestor and chlorine disinfection. Effluent from this system will

be recycled for cooling tovrer makeup.

Sludges from each of the sanj-tary wastewater treatment facilities

will be combined with water treatment lime sludge and sludge from
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the organic wastewater treatment process and applied to the

retorted shale for spray wetting.


